The present study characterises the tree communities with respect to topographic and climatic variables and identifies the most important environmental correlate of species richness in the southern region of Western Ghats Biodiversity Hotspot, India. Digitally derived environmental variables in combination with tree species richness information were analysed using Canonical Correspondence Analysis (CCA) to characterise the communities. Multiple regression technique based on stepwise backward elimination was used to identify the most important environment correlate of species richness. Canonical correspondence analysis results in six major tree communities along the first and second axes. Rainfall is the dominant environmental gradient influencing vegetation patterns on the first CCA axis while elevation showed the highest correlation with the second CCA axis. Backward elimination regression technique yielded rainfall as the most important environmental correlate of species richness. Results were in agreement with the observations in the Neotropics that rainier areas maintain high species diversity.
Introduction
Tropical forests are unique in many aspects such as high diversity [1] , high standing biomass and carbon storage [2] , and global net primary productivity [3] . There have been many attempts to understand the structural complexity and species diversity of these ecosystems spanning over three decades [1, [4] [5] [6] [7] [8] [9] [10] [11] . While a complete perception of the tropical forest still remains a challenge, the degradation and deforestation is hastening on the other side. Information on distribution of tree communities along environmental gradients has vital role in understanding their ecology as well as their conservation and management. Quantification of such species-environment relationships yields valuable insights into ecological processes such as resource partitioning and niche differentiation [12] and forms the core of predictive geographical modelling in ecology [13] . Today's concern about biodiversity losses and ecosystem services suggest that forest classifications based on species composition are needed, along with the information on how many species are shared between different forest types. This information in combination with the key environmental correlates is important for natural reserve area planning and management under global change scenarios.
The importance of climate to map animal and plant distribution was recognized during the early stages of nineteenth century [14] . Climate in combination with other physical elements of the environment has been used to derive vegetation patterns at the global scale [15, 16] . More recently, studies have revealed regional variability in vegetation types with respect to topography, seasonality, soil types, and water and nutrient availability [17] [18] [19] [20] [21] [22] . However, most of these 2 International Journal of Forestry Research studies were carried out in the Neotropics in comparison with the Old World tropics [23] . Notable exceptions include studies conducted by Pascal [24] , Gimaret-Carpentier et al. [25, 26] , Davidar et al. [27, 28] , and Joseph et al. [12] . Similarly, most of the studies were conducted in the tropical humid forests ignoring the other tropical formations, particularly dry forests. Clearly, these patterns reflect the biases that characterize tropical biology [29] .
Western Ghats, located near to the western coastline of India, is one of the "Hottest Hotspots" of biological diversity in the Old World tropics [8] . It contains more than 30% of all plant and vertebrate species found in India, in less than 6% of the country's landmass. It is also recognized as one among the 200 globally most important ecoregions [30] . Of the four thousand species of flowering plants known from the Western Ghats, 1500 are endemic [31] . In spite of these striking statistics, biodiversity in the Western Ghats is threatened by a range of anthropogenic pressures. Menon and Bawa [32] estimated that between 1920 and 1990 forest cover in the Western Ghats declined by 40%, resulting in a fourfold increase in the number of fragments and an 83% reduction in size of forest patches. The yearly rate of forest loss has been estimated at 0.57% [32] , 0.9% [33] , and 1.16% [34] in unprotected areas while 0.04% in protected areas [35] . This highlights, the need for more studies on regional patterns of diversity and its drivers, as data on partitioning of tropical vegetation types under different climatic and topographic gradients supply valuable inputs for conservation planning [36, 37] . On a macroscale (entire Western Ghats), the diversity and species richness are largely attributed to seasonality [28] while the mesoscale assessment showed that the diversity is a correlate of rainfall [37] . Further to this, the present study is an attempt to identify the highest environmental correlate species diversity at the local scale.
Materials and Methods

Study Area. Anamalai region located in the southern
Western Ghats is known to be active zones of speciation and localized centres of endemism [31, 38] due to its varied topography and microclimatic regimes ( Figure 1 ). It is also considered as one of the 25 microcentres of diversity in the Indian Subcontinent [39] . The overall terrain is hilly with altitude ranging from 220 m at the foothills in the north-east to 2550 m (in the Grass Hills area) in the south-west. The annual rainfall varies from 500 mm in the rain shadow eastern slopes to 5000 mm in the west. Mean daily temperature varies from <5
• C in the winter at elevations above 2000 m to nearly 40
• C in the eastern plain in the summer. Ecoclimatically, the area is considered as a miniature of the Western Ghats biodiversity hotspots and harbors all major forest types found in the Western Ghats [35] . The objectives of the present study are to outline the tree communities under diverse climatic and topographic gradients in the Anamalai region and to identify the important environmental correlate of the species richness in the area.
Field Sampling and Environmental Data.
A stratified transect survey was adopted for the study. The strata were delineated considering the long-term climatic observations and altitudinal variation in the study area.
Though there were a few weather stations scattered over the area, the datasets available from these stations were for a maximum of five years [40] . Therefore the present study used a global database called Worldclim [41] . This is the station data during the period of 1950-2000 and was interpolated to monthly climate surfaces at 1 km spatial resolution using a thin-plate smoothing spline algorithm with latitude, longitude, and elevation as independent variables [41] . The annual average temperature (
• C) and rainfall (mm) were calculated from the monthly datasets ( Figure 2 ). The topographic variables such as elevation (m), slope (angle of inclination in degrees), and aspect (direction of slope in degrees) were derived from Shuttle Radar Topographic Mission (SRTM) data ( Figure 2) . Further, the SRTM digital elevation model was placed over climatic data to study the changes in climatic parameters with respect to elevation. Four strata were delineated and transects sampling was conducted in these strata. Circular plots of 10 m radius (plot size-314 m 2 ) were laid on every 200 m interval along transects ( Figure 1 ). In each plot, all woody plants with ≥10 cm DBH (Diameter at Breast Height, 1.3 m) were identified at species level, their individuals counted, and DBH measured using a tape. A total of 19 transects (thirteen 2 km transects + six 1 km transects) with 179 sampling plots were surveyed. In addition, 27 sampling plots have been collected randomly especially in shola forest and evergreen patches since one-or two-kilometer continuous stretch was not available for these habitats. Thus, in total 206 sample plots with an area of 65 ha (which is approximately 0.001 of the total area) were surveyed.
Data Analysis.
In order to investigate the relationships between species richness and environmental variables, a Canonical Correspondence Analysis (CCA) was employed [42] using the software PC-ORD [43] . CCA is a direct gradient ordination technique to cluster species abundance with environmental variables [44] . The first step of CCA was to summarize the main variation in the species data by ordination. This was done by constructing an axis such that the species data optimally fit Gaussian response curves (Gaussian ordination) according to the following equation:
where Y ik is the abundance of species k at site i and E(Y ik ) denotes the expected (average) value of Y ik at site i that has score X i , on the ordination axis. The parameters for species k are C k , the maximum of that species' response curve; U k , the mode or optimum (i.e., the value of x for which the maximum is attained); t k , the tolerance, a measure of ecological amplitude. The second step was to relate the ordination axis to the environmental variables by calculating correlation coefficients or by multiple regression [45] of the site scores on the environmental variables by the following equation:
where b 0 is the intercept and b j is the regression coefficient for environmental variable j. z i j is the value of environmental variable j at site i and q is the number of environmental variables. Finally, the weighted average of a species distribution (k) with respect to an environmental variable ( j) was defined as the average of the values of that environmental variable at those sites at which that species occurs, the weighting of each site being proportional to species abundance, that is,
The weighted average indicates the "center" of a species' distribution along an environmental variable, and differences in weighted averages between species indicate differences in their distributions along that environmental variable. As required by CCA, the data is set into two distinct matrices: the species matrix and the matrix of environment variables. The species matrix contained number of species per plot, and the environmental variables matrix consisted elevation, slope, aspect, temperature, and rainfall.
The tree communities obtained after Canonical Correspondence Analysis were assessed their compositional attributes. Here, the compositional attributes refer to species richness, diversity, dominance, stand density, and average basal area of each community. For calculating diversity, two indices were used in addition to simple species richness (number of species). The first one was Shannon-Weiner diversity index (4) [46] and the second was Simpson diversity index (6) [47] . The latter was calculated from Simpson dominance index (5). The average basal area was calculated from the diameter of the stem at breast height using (7):
Shannon-Weiner diversity index:
where H is the measure of diversity and p i is the proportion of the total sample belonging to the ith species.
Simpson dominance index
where D is the Simpson index of dominance and p i is the proportional individuals of species i in the community. Simpson diversity index: 
where DBH is diameter at breast height. Multiple linear regression analysis was conducted to identify the most important environmental correlates of species richness. A stepwise backward elimination approach was adopted in which the analysis started with all the continuous variables and eliminated the least significant variable in each progressive step. The variables were removed if the probability of "F" exceeds 0.05. The species richness was the dependent variable and elevation, slope, aspect, rainfall, and temperature were the independent variables. The analysis was carried out using the software SPSS [48] .
Results
A total of 169 tree species were observed during the present study. Among these, Maesa indica had the highest number of individuals (73) followed by Anogeissus latifolia (56) and Croton oblongifolius (55) . The phytodiversity assessment also showed that the sanctuary is a hub of many endemic and threatened species which include Aglaia tamilnadensis, Dysoxylum malabaricum, Myristica malabarica, Syzygium malabaricum, and Vernonia travancorica. Figure 3 . The eigenvalues for the first three CCA axes were 0.749, 0.523, and 0.304, respectively. The cumulative percentage variance accounted for those axes was 16.0% (7.6, 5.2, and 3.2, resp.), indicating that a considerable amount of "noise" still remained unexplained. In fact, the CCA produced high correlations between species and environmental variables for these axes (0.94, 0.88, and 0.74, resp.). The first ordination axis was highly correlated, in descending sequence, with rainfall, temperature, elevation, and slope ( Table 1 ). The second ordination axis has shown high correlation with elevation and temperature while the third ordination axis is correlated with slope. The weighted correlations between environmental variables showed strong interrelationships, especially between elevation and climatic variables (temperature and rainfall). Segregation of plant communities along the noted gradients was also observed. The left side of the ordination space was dominated with communities which are primarily evergreen species whereas the right side was occupied by deciduous species (Figure 3) . The details of the communities are further explained below.
Evergreen Community. This group is characterized
by the species such as Vateria indica, Persea macrantha, Palaquium ellipticum, Eugenia calophyllifolia, and Macrantha roxburgii. This species assemblage more or less corresponds to west coast tropical evergreen forest (1A/C4) of Champion and Seths [51] classification of Indian forests. This forest occurs in relatively undisturbed area between altitudes of 900-1500 msl. They are embarked by higher humidity, lower temperature, lower understory, low canopy openings, and high leaf litter.
Montane Shola Community.
The major species in shola forests are Syzygium cumini, Vitex leucoxylon, Dysoxylum malabaricum, Cinnamomum sulphuratum, and Eugenia calophyllifolia. This group corresponds to southern montane wet temperate forest (11A/C1) as per Champion and Seth's classification. It occurs at an elevation of more than 1500 m. Annual rainfall in these areas is about 5000 mm while annual temperature is approximately 15
• C. Geographically the area can be distinguished from the steep slopes and mountain folding.
Semi-Evergreen Community.
These formations are distinguished by species such as Nephelium longana, Palaquium ellipticum, Vateria indica, Terminalia bellirica, and Vitex altissima and correspond to west coast tropical semievergreen forest (2A/C2). This is found at altitudinal ranges of 700-900 m and relatively high rainfall areas.
Moist Deciduous Community. They are characterized by the presence of species such as Anogeissus latifolia, Maesa indica, Albizia odoratissima, Terminalia crenulata, and
Ziziphus oenoplia and match up with Champion and Seth's southern moist mixed deciduous forest (3B/C2). This forest community occurs at altitudes of 500-700 msl with relatively low rainfall zones.
Dry Deciduous Community.
This group is a composition of Anogeissus latifolia, Dalbergia latifolia, Albizia amara, Maesa indica, and Terminalia paniculata and corresponds to southern dry mixed deciduous forest (5A/C3). This is found on areas where altitude ranges from 400 to 600 m with very low rainfall.
Thorny Scrub Community.
This community is formed in areas where human disturbance is maxima and rainfall is less. They occur at lower altitudes (<400 m) with thorny species such as Albizia amara, Gyrocarpus americanus, Catunaregam spinosa, Acacia planifrons, and Limonia crenulata. It corresponds to southern thorn scrub as per Champion and Seth's [51] classification of Indian forest.
Canopy openings and open spaces are characteristics of the area. Cattle grazing and firewood collection is frequent in the area.
Compositional Attributes of Tree Communities.
The compositional attributes of tree communities in Anamalai region is given in Table 2 . Evergreen community showed maximum species richness, that is, 81 tree species. Both the diversity indices (Shannon and Simpson) showed that evergreen forest was highly diverse in comparison with other forest types, whereas the dominance in the evergreen forest was lower. The highest dominance was observed in dry deciduous forest (Simpson dominance index-0.093) followed by moist deciduous forest (0.075). The stand density was higher at shola forest (446 individuals per hectare) while average basal area was higher in semi-evergreen forest (62.3 m 2 /ha).
Environmental Correlates of Species Richness.
The assessment of species richness from environmental variables yielded the following model ( Table 3) . The model fit was 0.50 (F 39.82, P < 0.05). Though the overall model was significant, the values of "t" and its significance indicate that each of these variables was not significantly contributing to the overall model. Therefore, the variable having the least partial correlation coefficient (in this case aspect) was eliminated from the model. The model was then refitted with all other variables and this procedure was repeated until only statistically significant variables are left in the model. In this case, only one variable was found to be a significant predictor of species number, that is, rainfall (8) . Because of the strong correlation among variables (Table 2) , this was not surprising, but it also means that it is difficult to disentangle the separate effects of the independent variables. The model fit was 0.485 (F 192 .91, P < 0.05):
Species Richness = 0.004 * Rainfall − 1.311.
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Discussion
Tree
Communities. The present study in Anamalai region of southern part of Western Ghats identified six tree communities, namely, tropical evergreen, montane shola, semi-evergreen, moist deciduous, dry deciduous, and thorny scrub along rainfall and elevation gradients (Table 4) . Cumulative proportions of variance of the species data were quite low. However, ter Braak [52] considers low percentage of unexplained variance as normal in vegetation data, and this fact does not weaken the significance of species-environment relationships. Our study revealed that rainfall has a profound role in shaping up the vegetation of the area along with topography. For instance, the low rainfall (<800 mm/yr) and low elevation (<400 m) areas are characterized by thorny scrub community; low rainfall and medium elevation areas (400-600 m) by dry deciduous community; medium rainfall areas (800-2000 mm/yr) with an altitude range of 500-700 m by moist deciduous community; high rainfall areas (2000-3000 mm/yr) with medium altitude (700-900 m) by semievergreen community; high rainfall areas with high elevation range (900-1500) by evergreen community; very high rainfall areas (>3000 mm/yr) with very high elevation (>1500 m) and slope by montane shola community.
Though there is a clear distinction between evergreen and deciduous communities in the ordination space, the boundary within each of these communities (e.g., the distinction among moist deciduous, dry deciduous and thorny scrub) is fuzzier. This may be because of the fact that the species composition is not significantly different among these communities. Moreover, the thorny scrub is considered as a degraded state of deciduous system [51] . The gradual transition from one vegetation type to an other with respect to changes in environmental gradients has been reported in other parts of Western Ghats as well [37, 53] .
Compositional Attributes.
Shannon-Weiner and Simpson diversity indices indicated high diversity from the area similar to previous observations from the Western Ghats [12, 49, 50, 54] . For example, Ayyappan and Parthasarathy [54] reported Shannon diversity index of 3.926 in evergreen habitats of Anamalai hills which was slightly lower than the present estimate (4.175). Tree density (stand density) in evergreen forest was 347 trees/ha which was slightly lower than the mean tree density (419 trees/ha) observed for Western Ghats closed-canopy evergreen forest [55] . The mean basal area in the wet forest was 45.03 m 2 /ha which was higher than the previous reports (36.26 m 2 /ha) [54] and Pantropical average (32 m 2 /ha) [56] . [12] . Assessment of different compositional attributes of tree communities in the Anamalai region indicates that the area is an essential element in the global biodiversity register in general and the Western Ghats in particular.
Environmental Correlates.
Rainfall is found to be the most important environmental correlate of species richness in the Anamalai region. At macroscales, Davidar et al. [28] reported that length of dry season or seasonality drive wet evergreen forest beta diversity. Similarly, studies using pollen grains also pointed out that seasonality is the primary driver that decides the composition of vegetation communities throughout the Western Ghats [59] . However, the mesoscale assessment showed rainfall as the primary driver of species richness [37] in concordance with the findings of the present study at the local scale. Gentry [60, 61] , Aplet et al. [62] and Pitman et al. [63] also made similar observations in the Neotropics that rainfall is a primary factor influencing tropical forest diversity. Though this generalization is applicable to Western Ghats Biodiversity Hotspot, it may not hold true for all the Old World tropics. In tropical Asia, high rainfall areas such as Mt. Cherrapunji, Assam, often have relatively low plant species richness [61] . In tropical Africa, two high rainfall sites (>5000 mm/year) in south Western Cameroon have only marginally more species in 0.1 ha samples than do samples from northeastern Gabon that receive <2000 mm of annual rainfall. Moreover, a more monsoonal climate site in Nigeria had many fewer species than the Gabon sites despite having similar rainfall values [36] . Thus, it seems likely that the generalization that diversity increases linearly with rainfall applies only in the special cases of the Neotropics and the Old World tropics.
Conclusion
The present study on plant communities with respect to climatic and topographic gradients at the local scale leads into valuable insights on resource partitioning and niche differentiation of an area. High rainfall zones favoured the luxurious growth of evergreen communities whereas low rainfall areas favoured deciduous communities. Altitudinal gradient was prevalent in partitioning these major vegetation communities into subcommunities such as montane shola, evergreen, semievergreen, moist deciduous, dry deciduous and thorny scrub. Regression based on backward elimination indicated that rainfall is the most important correlate of species richness. The result was in agreement with the observations in the Neotropics that the rainier areas maintain high species diversity.
